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SECOND ENDORSEMENT on Ltcols[iousciom i@y 5830 CRUAS of 24 Jul 2013

Frow: CQowmmander, II Marine Bxpeditionary Forece {(Forward)
Ters Commander . U.8. Marine Corps Forces Uentral Command

Sulbrj ¢ COMMAHD INVESTIGATION INTO THE EVENTS SURROUNDING THE CRASH OF A CARGO
RESUBPLY UNMANNED AERIAL SYSTEM, BUREAD NUMBER A~11497, ON OR ABOUT 5
JUMNE 2013

L. U/ potes 1oconour with the Commanding General, 24 Marine jiveraft Wing
{Porward! and close the investigation.

“lrranc Offiver 2
or NIPR

3. (U//PeBes The point of contact for thie matter is Chjmi™y
[ ) 10 uSC 130(0), (b)EY]  LISMC . He can be reached at DEN NIPR ag P €dMausc 130m) b)6)
email at] (6)(3) 10 USC 130(b), (b)(6) i ;
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From: Lieutenant Colonel | (b)(3) 10 USC 130(b), (6)(6) 3002 usMc
Tz Cemsmanding General, 24 Marise BAiveraft Wing (Forward)

Subd s COMMAND INVESTIGATION INTC THE EVENTE SUERCUNDING THE CRASH OF A CARGO
RESUPPLY UNMANNED AERIAL SYSTEM, BUREAU MUMBER A-11487, ON OR ABOUT 5
JUNE 2053

w
®
3

fay JABIHNST SBOL.TF

{k} HNawval Air Systems Command {(NAVALER! Base Conteact NOOOLS-11-C-0013
with Lockheed Martin

{e}  HAVALR Contract amendment Numbey 129988 @m

{d) COMNAVAIREYSUOM mesy 0420153 JUN 13 E-HAX Carguedls ed Asrial
Syatem [UAS) Category 3 Interim Flight Clearg W Jfoy Operations
in the Unmanned Configuration with UAS $ystaw§'*ngaged in

Restyicted Alvspace and Combat Zones {7 .

e} srrwEstrl 23d MAW {(Pwdl Alr Tasking Crﬁeéﬁé Jun 139
{£} Crew Persomnel Records

{g) Flight Surgeon, WMA-311 ltxr MED
{h) BAirevaft Maipntenance Records and
{1} CRUAS Complete Situation Reporis i
{4}  Enginesring Analysis and Sup§:§g§

13 Medical FPindings
nance ummary Report
paoft Excel Data File
ing Data Report Lo JAG

Investigation Repory #201] A/C497 of 8 Jul 13
{k}  Aily vo Ground Segment Int Regquirements Specification for
E-MaY Cargo UAS Programdgpf 2%Jan 13

{1} Carge UAS Ground Conty cation Operating Manual Mailn Operating
Hame of 1 Feb 13

{m)] Kaman K-1200 Pederad Fation Administration {(FAA) Approved
Rotorcrafc Fligh wal revised 23 Jun D5

(o) WAYIAR, Senio Wi neer, Revomechanics Division email of

22 Jul 13 .
ipl EEURRY Jve N Combat Assesoment Team {(Forward) JCAT (Pwdl)
Repor, % S¥T25 Bvent 06 08000 JUN 13
2% i of & Jun 13
(r} GroundeContrel Stavicn data files from 5 Jun 13
{8) NEVAIR, TMA-25% Carge UAS/ME-98 AV _IPT Lead email of 18 Jul 13
svesersosEL upn, toar . wavss FOB [ e |WO email of 18 Jul 13
fuy  CLRE-2, TEC, Hecovery Personnel Interview of 2 Jul 13
{v) 24 MaW {(Pwd) Deputy ALD emall of 17 Jul 13
{w! Faman CRUAS Tailwind Tesving Resultes of 11 Jul 13
TSR s TRAE, WIS 24 MAW (Ped)] METOC Officer email

{nd VM- Qﬁandarit‘ ating Procedures

W
BN

£ B ae

TERCRRT JREL BRAL ISAF. HATO) Transverse Chat Logs from 3 Jun 13
{z} Engineey, Lockheed Martin esall of 23 Jul 13
Emol: 1) 24 MAW {Pwd) 00 Llir 5800 of 17 Jun 13, Command Investigation
Appointment Lettey
{2} Summary of Interviews
{3} Reference Compact Disc of 24 Jul 13
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Subi:  COMMAND INVESTIGATION INTO THE EVENTS SURROUNDING THE CRASH OF A CARGO
BPESUPPLY UNMANKED ABRIAL SYSTEM, BUREADT NUMBER A-1149%7, OW OR ABQUT %
GUNE 2013

1. This investigation was conducted on Camp Leatherneck and Camp Bastion,
Afgbanistan over the period of 17 June to 24 July 2013 in accordasce with
reference {4} and enclosure {1). A thirty day extension to enclosure (1) was
granted o ensure the regults of the engingering review by Naval Alr Systems
Command (MAVAIR] could be completed and reviewed prior te the conclusion of
the commarnd investigation.

2, The investigating officer {10! consulted with Lieutenant Cammam‘m)(ei
®)s) ousc 1aopleme iz an officer that possesses knowledge and expertise relevant to
aviation mishap investigations in accordance with reference {a}.

Findings of Fact

1. On 8 June 2013, at approwimabely 2017, a Cargo Resupply Unmanned Aerial
Sysvem [CRUAS) ., impacted the ground at the Helicopter bLanding Zone {(HLZ) at
Forward Operating Base (FORI muy  jduring a regupply mission,

a. The mishap ajreraft is attached bto Marine Unmanne Qu vehic}ee-
Bguadron 1 {VMU-1}, 24 Marine Alvcraft Wing {Porward) @ {Pwds

b. The Bureau Wumber of the mishap airoraft i @ 97,

; @% aerial vehicle
manufactured by Kaman Aircraft and configure @ ) Unmanned Aerial Systen
{UAS) through cooperation with Lockheed Marti®and NAVAIR. The system is
performing cargs missicons in Afghanistan uygler Bontract belwsen WAVAIE and
Lockheed Martin, references (b amd {of. {

¢.  The miahap alroraft is a K-MAY (model

4. ”‘hee atycraft was operating ¢n aMyaubhorized mode in a combabt zone.

. The flight on 5 Jun 13 *@n authorized £light on the 24 MAW (Fwd)
Aiy Tasking Order {ATOY, reZeQ tel,

Z. The dutiss and sxperi «Qxf the schexiuled crew are ourlined in the
following subparagraphs ew information was discerned {rom personnel
records, reference (£) R interviews, enclosure {(2}.

{17 Hame: First Lieutenant| (b)(3) 10 USC 130(b), (b)(6) 7220 UsMC,

{21 Unit: 15&4&;&3)(&&) currently attached to VMU-1 fvom his
parent command Marine Aly Contyvol Sguadron L {(MAUS-1) . He haz besn deployed
in suppory of YMU-1 singe Apyil 2013

(%3 Qualifications and Bxperience:  labtlbouscisop]die gualified as
Military Qooupational Bpecialty (MOEY 7220 - Alr Traffic Controller. His
traioing pertinent to CRUAS includes hisg participaticon in a three day
familiarization eouvrse for the K-MAR UAS prior to him deployment. As a
mission commandey for the CRUAS platform. l1stepfiousciaoplles supervised 104,
hours of flight time, 78 sorties, and the deliveryv of 250,800 lbg of f.:argcs,
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Subtd:  COMMAND INVESTIGATION INTO THE EVENTS SURROUNDING THE CRASH OF A CARGC
RESUPPLY UNMANNED ABRIAL SYSTEM, BUREAL NUMBER A-11497, ON DR ABOUT B
JUNE 2013

ks

£

DT AL LY

toy LAVG) The AVD (D
ny the misgicon through the

£y is responsibie for
Ground Control Stagion

gy
[ReL1Y B

{1} Wame: ‘ (bX6) L

2t Umir: Countrattor for Lockheed Martin

{3y Qualifivations and Experisnce: | (b)(6) lis a civilian
helicopter silﬁt with instyument and commercial ratings. He has logyed 200¢
ratal robary aljreraft hours, B3.6 heours {including training) on the K-MBY UAS
with 17 Sartgﬁﬁ, He has been with the CRUAS detachment since November 2012,
L ) |completed the Lockheed Martin E-MAX Unmanned Berial Vehicle
iUav) Course on 14 January 2013, He was approved as an AVO on 15 January
2013 and as a startup/shutdown pilot on 10 February 2013.

©. Asrial Observer [A0]. The A0 {(co-pilotl serves as a(EEP@udary
operator for nhe URS through the 805 during the mission. ‘E:,

(1} Mams: (0)(6) : {b

(2% Unmit: Lontractor for Lockhesd o

¥k
e

ualifications and Experience: g oa civilian
helicopter pilot and a flight instructor with@nstrument and commercial
vatings., He has logged 1300 hours »f mam rotary airceraft flight time. He
d4id not have sxpesrience with cargo delivpsiRbefore hia experience with the
CRUABS platform He has logyged 78.4 b Qi:mzmiim@ raining! on the XK-MAX
UAS with 29 sorties.[ e |complgte & Lockheed Martin E-MAX UAV Course
on 14 May Z01Y and approved as an o 17 May 2013,

»d, Startup/8hurdown mm&q@mﬂ;. The SU/SD pilot is responsible for
starting and stopping the ai at the beginning and end of the migsicon
and performing pre-flight r £1light checks on the alircrafo.

sctor foy

b !5 ong and Experience: | {b)(6) lie prioy wilitary
CH-46 pilot with 29392 logged hours, He hag been with the CRUAS detachment in
Afghanistan since April 2013 and haz loggsd 11 hours on the EK-MAX platform.
| (b)®) Jwas approved as a SU/SD ¥K-MAX pilot on 17 May 2013 and as a K-
¥ pilot on 3 May 2013, His certificate for sompleting the Lockheed Martin

courge 18 not in his record.

tokheed Martin

cargo rigger is regponsible for recelwving,

#.  Cargo Rigger. The
rthe load for the migsion.

astaging, and preparing

11y wWame: Corporall (b)(3) 10 USC 130(b), (bXE) [o451 USMC,
(2% Univ: Q@@[mmc1mm($@)t&mparax:iy assigned to VMU-1 from his

parent unit, Combat Logistics Regiment 27. He has been deploved in support
af VMU-1 since January 2913,
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Suby

by MOS

COMMBND IHVESTIGATION INTO THE EVENTE SURROUNDING THE CRASH OF A CARGD
RESUPFLY UNMANNED AERIAL SYSTEM, BUREAU NUMBER A-11497, ON OR ABOUT 5
JUNE 2013

{3} gQualificatrions and Experiente: C@(b)(&)m a parachute riggexr
and guaiified as a Joint &ir Drop Inspector and a Jump Master. Cpl

oxafiousc opleeevarsed and rigged cargo for the delivery of over 500 cargo loads

gince b

detachm

gensral
g:

[

enginee

K-MAY p
the pro
Busines

2008.

q.
of the

of USMC
on the

E~HMBX UAS mines April Z013.

3. The

4. The

evidence of any wmedicats

af fecte
evaluat

iy

& .

program at Lockheed, (0)(6) has been working in K-% i

is time with the CRUAS detachment. Prior to working with the CRUAS
ent ke has accumulated seven years of experiende in his MO8 and
carge rigging experience in the Marine Corps.

Support Engipeer., The support engineer is responsible for providing
v expertise to the crew during and after the wmiasion.

(1) Name: | 0)(6) |

{2} Unit: Contractor for Lockheed Martin.

(37 (ualifications and Ewperience: [ e __ lhas been working the
rogram since 2008, He was the lead engineer for the first 2 years of
gram, and then supported the program as the engineer <§§}gued to
s Development. Other than a year and a half assig another UAV

%@ering since

Alroraft Mechanic. The mechanic is respon&ﬁar the maintenance
aireraft to ensure it is flight worthy. (ﬁ:’

{1y Hame: | (b)(6) |-

{2} Uit CQontractor for Swané;@%&mp Aviation LILC.

{37 qualifications and Exp
experience as a CH-53 mechs,
L3 Vertex Axrmy Hel.iwpter@

riehge: | (b)(6) lhas 5 years
and & meonths experience as s mechanic
hanigtan. He has been working on the

re were no injuries tha related to this mishap.

crew was in good, B, well rested, and there is nc medical

$Sr intoxicating substances that would have

d performance Ccigment during the mission according te the medical
ion in ref {g} .

craft histofy and maintenance.

The mishap aircraft had a total of 1573.3 hours prior to the flight,

reference (h}y, including 700 mission hours in Operation ENDURING FREEDOM
{OEF) reference (i}.

b.
igaues

e,
compute
wission
softwayr

&, Adx

There ie no indication in the maintenance records of any maintenance
related to the mishap, reference (1) and reference {j) paragraph €.5.

Boftware versioqmma loaded to the aircraft f£light control

r on 18 February 2013 and software versiasdousdwss loaded to the
management computer on 20 February 2013, reference (hi}. The latest
¢ revisions anmi1mmdumz&snoum:m&specaiv&iy, reference {4} .

craft control and f£iight performance information.

page 4 of 24



Subvi:  COMMAND INVESTIGATION INTC THE EVERTS SURRCUNDING THE CRASH OF A CARGO
RESUPPLY UNMANNED AERIAL SYSTEM, BUREAU NUMBER A-11497, ON OR ABOUT 5
JUNE 2013

a. Flight Control fvstems. The aiyoraft can bg controlled in both a
manned and unmanned configuration. The manped configuration is used for test
fiights and preflight inspectionsz in theaver while the urmanned configuration
is wsed for carge delivery and retrograde missions. The unmanned system
congists of hardware, f£light computers, and a Mailn Operating Base (MOBY GCG.

l o)) . The

(b)(7)

() | Feferpnces Lo LOE G006 A5 LELB AnNveBLAGALLD reler Lo
the MOB GOS8, The Elight control system on board vhe aircraft also consists
Eoa filight control computsr {FOC) that containg the alrcraft dynamics and
light laws and a2 mission management sompuber (MMO) that compunicates with
he GL8 and the FOC.  There ls also a geparate laptop on board the aircraft

(b)4), (b)(3) 10 USC 130

3

. Aircorafr Communications and Control. Communicatio
contyol systems iz performed through two data links, Ti‘%
) 1

. the aircrafr
. of Sight (LOS)
hoth the contyol
s the airoraft ro

and Beyond Line of Sight (BLOS) cowmunication links pryg
signal from the GC8 fo the alveraft and velemeryy dgté
rhe G085, | (B)(T), (b)(4), (b)(3) 10 USC 130

(b7, (b)(4), (b)3) 10 USC,130

(b)(4), B)T % @i;ferénae {(¥) and reference (3]

.4

paragraph 6.2.%.

alrcratt is controlled in dif £light modes. The following modes are

i ft states leading up to the mishap.

¢. ¥Flight wodes. wWhile gizihﬁ';g in an unmanned configuration, the
prrroinent in degoribing the X

{37 Manual. In ai mode, the aiveraft can be operated and
maneuvered by the AVG. (0)(4). LT

‘;E’“’ {&)4), ()7
). O the aircraft i% meant to be operated primarily in an automated mode in
the UAS configuration, refevences (1) and (z!.

{2} Autonomous Bn Route. This is the nominal aireraft mode in which

(b)4). (0)(7)f

ig adiusted over Lhe Ccargo delivery site to ensure the load is deliversd abt &
precise location and that the alreraft is oriented into the wind, refergncs
by,

i
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Bukd . COMMARD IRVESTIGATION INTO THE EVENTE BURROCURDING THE CRASH OF A CARGD
RESUPPLY UNMANNED AERIAL SYETEM, BUPFEAU NUMBER A-11497, ON OR ABOUT %
JUNE 2013

13 Autopomous Commanded Loag Delivery. This mode ip entered into

(B)(4), (YT

[ (b)4), (bYT)E l refersnce {1}.

j=5 I (D)(4). (bUT) ]

B

{47 Ingress Poinh |

(b)(4), (PXT)

()4}, (b)) | reference (1}

Ang enclosure (25,

4. Operating Limitations. References {di, (k). {1} &nd@ describe the
wperating limizations of the airerafn.

{3} Maximus pitch attitude b0 10UsewEerence @ a- The manual
imited o, mﬁo;p;cch actitude in the GC\ :rat:ng manual,

’
£
i

mode is
vaference {1} py 14-16 paragraph 14.5.8.

{aﬂ pg 2-4. The GC3 MOB
wrerence (1) py 14-16

{2 Maximum angls of bank B joy3)10ugced
operating manusl also limite this angleeha m
paragraph 14.6.8 A

{37 Maximum hook load &, 000 ’menﬁe imy py. 2-7. e VMU~
sop, reference (n! paragraph 3.a 1i il load weight rmm

£
-

14} The flight clearance, 2 ence i) paragrsph 2.A.8 and
3.8.0.8.2, states that during apg g€y the aircraft must be in wind conditions
at s maximum of] P Y (b)(3) 10 USC 130 |of the

airovafn.

ance, refearence (d) pavagraph 3.B.1.0, states
maximum wind must bel (b)(3) 10 USC 130, (b)(7)f i

{57 The £light ¢
that during operations 9

| {6)(3) 10 USC 130, ()7} |

8% Whan %%y 2 load, the aircrafy| (B)(7, (b)(3) 10 USC 130 !
| (b)3) 10 USC 130, (b)7)f |
] (b)(3) 10 USC 130, (b)7)f | reference (1) pg 14-2¢ paragraph 14.8.5%.

{7} The alroraft must be in gl (b)(3) 10 USC 130, (b)(4). (b)) |

reloase che cargo, reference (1) pg 14-18 paragraph 14.6.11.

(&Y Communications {comm) Loas. If communications are lost the G085
and the MMC follow a comm loss procedure. Comm loss is defined as] by !
o)y ]

(bX7), (b)(3) 10 USC 130

®)7) | rELerence (Ll
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Bubd . COMMAND Zﬁ‘ TIGATION INTOC THE EVENTS SURRBCUNDING THE CRASH OF A CARGO
BESUPPLY wﬁ%AN%ED AERIAL SYSTEM, BURRALU NUMBER A-114%7, ON OFR ABOUT &
JUKE 2013

{%) Warnings, Cautions and Alerts (WCOAR). The UAS ip designed ifo gend
meagages Lo the user through the GUE compubter screen in the form of warnings,
cautions and alerts. These are covered in reference (1) chaptey 18.
Pertinent CWas fov the mighap are: Load Weight Fail, Load Angle Fail, LOS
Comm Fall, BLOZ Comm Faill and Load Swing.

{a} Load Weight Fail. The load weight fail caution light will
acrivate when the load cell has failed or the lcoad weight is out of rangs
{weight » 8500 lbs or] (b)(3) 10 USC 130 Jweight
change not active in auto delivery model . Although the leoad weight caution
ig not configured to display doring the auto delivery mode, 1t activates in
several other modes when the load weight changes by more t:haﬁ
Avvions for leoad welght fail while at the POB are to verify the load weight
change is valld {cross check engine torgque indicator, colleciive position
indicator, and hook welght) and continue the misgion using Manual Load
Galivery as derermined by Mission Commander. Or if the risk 1@ voo great,

the AVO should abort and Beuurn to Bage (RTB}, reference (1}, & 18-,

cable 18-2. %

ib) Load Angie Pail. |

(b)(3) 10 USC 130, (b)(4)

Me, reference {1}, page 18-7, table 18-

(o} LOS and BLOS Comm Fail, TheM cautions are displayed when
the LOS or BLOS data links are lost, referagif ). page 18-10 table 18-2,

idr Load Swing. The GUB G
advigory 80 that orew members can take

1 identifies load swing as an
Cropriate action. The manual states

ehat 1f chiz advisory is scrive, th is the potential that load oscillation
ig ocourring based on| {b)(3) 10 USC 130, (b)(4), (b)(7)f 1

A 10 USC 130, (b}{4), (bXT7)

(8)(3) 10 USB (4), (b)7)f i raeterence 1L, , pARge 1i«

operating manual notes non WCA conditions reguiring

Yoo (1) pg 1B-21 parvagraphs 18.2 and l8.2.1. It

Y commands sre limibted ro| (b)(3) 10 USC 130, (b)(4), (b)(7)f ]

; men;bnrlqa these limits are being exceeded, this
system difficulty. Possible causes are related

w§§§§§3ixg_&zxczaft attitude gaoillations are

(D)(3) 10 USC 130, (b)(4). (b}T)

added.

{ Flight Clearance Warning. Several warnings ave iscluded in
. The most pertinent warning states that “The K-MAX cargo UAS
rgune complebe hardware and software gualification testing. Loss
wf aiverafy, loss of convrol link, or losz of paylcad control may

11
refeyeihce {0
has not und
wi oontrol
ouour.”

91’@{.‘“
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COMMBND ITHVESTIGATION INTG THE EVENTS SURROUNDING THE CRAEH OF b CARGO
RESUPPLY INMANNED AERIAL SYSTEM, BUREAU NIMBER A-11497, ON OR ABOUT 8
JURE 2013

(12} The HAVAIR study, reference {4}, #states that the airoraft has

[ (b)(3) 10 USC 130, (b)(7)f ] Howeveyr, thig information
im nov regident in the documentation reviewsd for this investigation.

{137 The MAVAIR study, yeferepce {1}, also potes that the control

(b)(3} 10 USC 130, (b}(7)f

{14) Waathervane effect. Due to the asrvodynamics of the aircraft and
the large tall surface area with no tall rotor, the aireraft experiences a
weathervane effect such that in the presence of wind, the aircraft naturally
wns in Ehe wind ' iroyafr compensates for this effect to

>

(b}(3) 10 USC 130, (b}7) @

i,

ant i - {6)(3) 10 USC 130, (037 s The following
figure deplicte the wind indicator which diapd® tion of the wind

relative to the alrcraft, the actual heading M the wind, and the wind speed.

"

(Ob)(:i) 10 USC 130, (b)(4), (b))

sy

Y, Flight information and data. The flight originated at Camp Basbion with
a degtination of FOR| oar The migsion was to deliver approximately 2,000
ibs of Univized Group Rations (UGR) cargo and return to Camp Bastion for a

g
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Bulyi:  COMMAND INVESTIGATION INTO THE BEVENTS SURROUNDING THE CRABH OF A CARGO
RESUPPLY UNMANNED AERIAL SYSTEM, BUREAU NUMBER A-131487, ON OR ABOUT 5
JUNE 2013

second delivery. The mishap ocvurred during the delivery of the fivrst lead
at FOB MNote that all data recorded by the GCS is date stamped by the
GO computer. O 5 Jun during the misgion, the GCS computer was running
approxdimately 12 minutes fzst when compared with other references (t-chat
logs, recovery migsion timeline, [ oy Jlaptop, ete.). In this report, time
axes on graphs displaying 608 information are displayed using the GUS
compuber tiwe stamp. &Ll values noted and charts displayed are generated
from the GOS8 data Logs, rveference (!}

a. Flight time, alvitude and velocity - data derived from reference (r}.

{1} The tatal flight time was approximately| o0 jand the total bims
of delivery was approximately| O@X i

{23 The foliowing graph depicts the altitude during the £light. The

maximum alvitude waes approximately | oye)10usc13o |

{a@

Elevation {AGL - in feet)

2

20
e
)

£33} The followi aph depicts the aircraft wvelocity during the
flight. The maximum iy ted airspeed {(IAS) was 92 knotsg,

Aircraft Velocity {IAS - knots)

o))
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Bubd:  COMMARD INVESTIGATION INTO THE BVENTS SURRCOUEDING THE CRASH OF A CARGO
RESUPPLY UIMANHED AERIAL SYSTEM, BUHEAU MUMBER A-114%7, ON OR ABOUT &

SUNE 3013
. weather data. Planned weathey data was provided by several sources.
Actual weather data at the cargo drop zone wag nob used, enclosure (3).

{1y Planned weather data. The plammed weather data used by the
Mizsion Commander wag as follows:

Sky conditions: FEW 100 SCT 140
Winds: 280813kts
sibilivy: Tam
Temp /0P 38710
Altimerer: 29.78

Flight Level Winds: 3008 « 285817kts
GL00 - ZH0818ktm
a0dn - AZ0@E18kts

{21 actusad weathery datva (extrapolated). The actual weather
conditions at FOB are not recorded because there is no her station
located there, Weather observations from witnesses at FOB describead
the wind vendition ap light, reference (p). FOB % e closest
weather station, which veported the following data near TfePiime of the
incident. The following weather report was provide 4232'u 24 MAW [Fwd)
Meteoroclogy and Oceanograplhy (METDO) Officer after@

cident:
At 2030 IvO [ ey |the weather & follows:
Wwinds - from 140 deg at 3kp %

Vigibility - unrvestricted g
Skies - FEW av 18,000f0 (s
Temp - 36C (9VF
Dew Polont - 00 (32F)
alvimeter - 29,73 ing
Pragsure hluitude
Deansity Altitude
Zunser -~ LBELS
tilaminﬁtéwn, %
Moonarisge - L
Lanar Lu* - ﬁﬁ

éimw}igh” the entire night)

The RAVAIR engincnxx . rveference (3), attempts to calculate the actual
value and directi e wind from obgervations on the ground in the video
of the crash, refe Tvacking the smoke partern after impsct and

uging the cargo lin ie&g*h lm@tousc1ao] ap a reference, the wind ig valculated
ar an average of 12 knots from the southeast - producing a tallwind on the
aircraft.  The enginesring report valoulates that the wind exceeded 10 knots.
he Following image from reference {33 and reference {(g) shows the alrcraft
in the landing zone and the reference length used to determine the wind
velocity. The camera is pointed generally to the west, reference {(pl.

10
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Subd:  COMMAND INVESTIGATION INTC THE EVENTS SURROUNDING THE CRASH OF A CARGO
RESUPPLY UNMANNED AERIAL SYSTEM, BUREAU NUMBER A-131497, ON OR ABQUT 5
JUNE 2013

(o))

@
%)

o,  Plight path and waypoint infa&gn. The flight followed the
[ {b)7)t ]path for delivering%gar at FOB , Thig information is
Avar.able in Lhe GCS data logs, v Tt r}. The final hover point priov

to automated cargo delivery wag Il at | oy Ifeat; AGL above the HLZ at FOB

a. [ )7 |
{::? 2 lted
{1} LOS data connectiwvity. The LOS data link had good connecktiviby
through the mission] O |
®
reference {ri.
{23 BLOE data connectivity. (b))
XN
| ®)7) | refesrence (7).
i
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Subci:  COMMAND INVESTIGATION INTO THE EVENTS BUKRROUNDING THE CRASH OF A CARGO
RESUPPLY IMIMANNED AERIAL SYSTEM, BUREAU NUMBER A-11497, ON OR ARBOUT 5
JUNE 2013

e,  Flight conditions at destination leading to mighap. The mighap
soourred due to piveh and load oseillations in the| XY jof the
flight during the automatic cargo delivery mode. The following table gives
the pimeline of the significant events. The timeline begine with aircraft
takeoff and records pertinent events f{rom the aircraft arrival abt the ingress
puint through the final loss of data.

o Tarre i s Fyug Witode [AGL - Heading {(Degrees)
Airborne
oA
%
b))t )7y {b)(3) 10 USC 130, (b)(7)f (b)(7)

The following subil
agueurred in the laft stage of f£light. Note that the figures display a
vimeline that is not completely linear] o7 ]
the end of the flight.

{1} the figures on the next page depict the pitch, roll. and load
welght of the aivcoraft during the auto verge delivery mode, The instability
in the| )7 |is clearly aeen in the right portion of the
figurss. The alroraft entvered a divergent oontrol state in several diffeving
appectys of the flight, reference {(3). These instabilities are well
vepregented by the twoe figures therefores additional data ig not ingluded
hers. The | {b)7)Y lof £light more clearly display the instabilicy
which can be sesen in the following figures.

12
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COMMAND THVESTIGATION INTC THE EVENTS SURRDUNDING THE CREASH OF A CARGOD

RESUPPLY UNMANNED AERIAL SYSTEWM,

JUNE 2013

BURERU NUMBER A-11487,

Load Weight {Auto Descent)

%@
S
S

(b}(7), (b)3) 10 USC 130

b)Yt

o~
\)
Pitch and R% escent)

(b}(3) 10 USC 130, (b)(7)f

ON OR ABOUT B

el 411 114

e PECH

e Ri3H
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Subd .  COMMAND INVESTIGATION INTG THE EVENTE SURROUNDING THE CRASH OF A CARGO
RESUPPLY UNMANNED ABRIAL SYBTEM, BURBAU NUMBER A-11487, ON OH ABQUT 5

JUNE 2013
Load Weight (Auto Descent - Last[  won |
5
43
44
35
3¢
28
26 Weight
18 {b)}(3} 10 USC 130
14
e
Pitch and Roll {ﬁ%@m [ e ]
sostmrne PRLCH
(b)(3) 10 USC 130 e B3
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Subrd . COMMAND INVESTIGATION INTC THE EVENTS SURROUNDING THE CRASH OF A CARGO
REBUFPPLY UNMANNED AERIAL SYSTEM, BUREZAU NUMBER A-114%7, ON QR ABOUT 5
JUNE 2013

{z) Oscillating Piteh. &C2 gGraphical User Interface (GUI) displiays
the piteh through a standard turn and bapk indicator. The egeillating pitch
can e seen in the following secresn shots of the 608 GUI during the flight.
Thege goreen phots were taken from referenre (1), Thiz divergent piteh
condition eventually saturated the actuators causing the aircraft to lose
control and impact the ground, reference (1.

{53 Towad s gnt. The load weight iz displaved in the upper left
poriion of the G082 MUY instrument panel. & replay of the deta using the GOS8
GUL slearly sbows the significant oscillations in the Icad weight in the | oof

| ®)T s the flight, reference {r!. The load oscillation added
energy to the csgeillavions and eventually the impact with the ground,
reference {1}.

{4} Influence of Wind. ‘The crew used the planned weather to
determine that the airoraft was in a headwind and the weathervane technigue
o allow the alreraft bo recrvient if this wan not accurate, enclosure {23,
The following figure depicts the ajlreraft heading, planned wind direction,
and the observed wind at ?(}Bm The actual wind was coming from a
direction behind fthe aircraft based on weather observations near ?GEW
and sheeyving the wind effect on smoke in the video of the mishap, reference

i1y
AL
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COMMAND INVESTIGATION INTO THE EVENTS SURROUNDING THE CRASH OF A CARGO
RESUPPLY UNMANNED AERIAL SYSTEM, BUEEAL NUMBER 2-1149%7, O OR ABOUT 8
JUNE 2013

Ajrcraft # 'R, '“' \
Heading F A % \
3957 D

!

s
forecasted -~
Wind Dir

280° T

N %

Actual Nearby 6
Wind [ir

1407

cross control situation as sghown in the follo gure {lefr pedal, right
stick {oyelicly. Thig indicated, at a mini a cross wind component
wag pregent, This component wasg not strong eWpugn to dnvoke the weathervane
effect op the airveraft, but becomes very offose Yat|m iouscio fudder at the
beginning of the descent, rsference (1} g s figure aleo ghows a possible

in the wind or shify to a tallwif@d¥ofdition as the pedal shifvs right
and the eyrlic shiftg left as noted he NAVAIR study, reference (4.

Orher indications that the wind was not as piamﬁ,@ €. There was a cleay

Lateral Stick and Pedal {Auto Descent)
o

R aanad ' 15 -

{b)(3) 10 USC 130 Lateral

18
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Subd:  COMMAND INVESTIGATION INTC THE EVERTS SURROUNDIRG THE CRASH OF A CARGO
REBUPPLY UNMANNED AERIAL SYSTEM, BURBAU BUMBER A-11497, ON QR ABOUT B
JURE 20513

nother possible indication of the wind direction was noted as the airvervaft
approaches the ingress polint, prior to carge deliver. A3 the aircraft wmakes
ivs approach, vhe alrcovaft experiences a slighter pervurbation in its course.
This was potes 1o the T0 by the support sngineer during a playback of the
vides. He guggested that this was indicative of a wind effect meving the
airvoerafy slightly off gourse. This perturbation is consistent with & wind
from the spurheagt. However, this may not be enough on its own to indicate
the divection of the wind, but if noticed it might be encugh to guestion the
event. The following figure shows the slight deviation on the GUF GUI and
the airgraft’s left turn to move back to the patrh to the IP.

Addivionally, the hea

uring the descent waried over a range m:ﬁ3>(7)f
Data from thrse ofhel

Jights showed variations cﬁa)m Time did not
permit to study ¢ grher or analyze additional flights. When oot in a
grogewind or tailwipd situation, the aircraft appears Lo maintain a very
stable heading. One remaining note aboui the wind is that the wind indicator
did not accurately depict the wind direction angd speed. Multiple attempts
were made by the I0 to align the indicator dava with observed wind when the
atrorafc was in excess of 3¢ koots of dndicated airspeed with no success.

The wind direction data varied too much Lo make any corrvelation to cbaerved
events .

{5} Mo weapons effects were observed by personnel at the FOB and the
examinazion of the wreckage and aircraft comnponents noted that weapons
effects warse highly unlikely to have caused the loss of the sircorafi, JCAT
atudy reference (8],

{£) The NAVAIR engineering study, reference [j) paragraph 6.2.2,
found that all systems were operating and performing nominally and that there
were no failures of systems in the recorded data recovered from the aircraft.

17
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Subd:  COMMAND INVESTIGATION INTD THE EVENTS SURROUNDING THE CRASH OF A CARGO
RESUPPLY UNMANNED BERIAL SYSTEM, BURBAU WUMBER A-1149%7, ON OR ABOUT 5
SUNE 2613

{7) Cargo. The method and manner of cargo rigging did nobt appear Lo
gontribute 1o the mishap. Piotures from the scene show the cargs was rigged
tightly and was mostly intact afteyr the incident, though the cargo and net
were damaged, reference (pl.

{81 The ¥CC software, versioms)touscehat was loaded to the aixcraft,
vice the latest release, versiomie) uschphiad no impact on the mishap, reference
L
fed .

{8} Thers wers no pertinent cauticns, warnings, or alerts displaved

during the automated delivery phase of the flight et |
oXNTY reference {y}.
8. Communication with the FOR. ‘The WMission Commandery ha&f (b))t ]mf

communication available to communicate withk the POB, 3gﬁcific§%lv vhel e

(b))

f
[ ©NT '23§exence ft; and
enclosure {(29. ¥

. Crew experience and actions during the mission,

a., Unly the AVD, AU, and ¥MC were phvgic
station during the mishap. The other membersgl
aoffice, on the grounds attending to their getie®
gvening alfter thelr dutien were éfszmpleteog

Wwhoent at the vontrol
The beam were sither in ths
or had deparrved for the

. Orew hnowledge and experisn

{1} The personnel vecords oW

(b)6) Bnd|{  we  |indicated
sxperience with varying wind ?

ons during K~-MAX UAS training, vefesrence

1£%.

{Z! The ovew Lndi
the wind during carge dedl
Ml ated that they knew %o put the aireraft into manual
A avions were excesded, enclasure {(2).

they koaew the aircraft should be pointed into
Ny, endlogure (27,

{3} The ore
mede when airoral

{4} The cr indicated knowledge of aireraft limitations {wind and
pitch limitations specifically), enclosure (2.

., Crew actions.

£y
Gk d

The crew indicaved that they saw the divergent conditions but did
not atvempt to regain control of the alveraft by putting it in manval
gontrel, 608 data files, reference (1), indigate no data directing control of
vhe aircraft to manual modde, The crew stated that there was not encugh time

to attempt Uo regain conbtryoel, enclogure {25,

opgervers on the ground at the POR.  The watch officer at FOB stated
that he did not provide updated weather information because he felit the
wegather condicions were normal, reference (U}, and the mission commandey
stated he 4id not reguest this information from the FOB, enclosurs {(2).

{2 The cvrew did not regquest oy receive updated wemt’a Erom
()7t

18
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RESUPPLY UNMANNED ABRIAL SYSTEM, BUREAU NUMBER A-11487, ON OR BREOUT S
JUNE 2013

{3 Obgervation of vthe alrcraft state through the descent was not
relayved to the crew, novy did the orew maintaln communication with FOB
observers such that 1t could be relayed, reference {t) and enclosure {(2).

{4} The GC8 data, reference (r), indicates that the crew issusd no
commands while in the manual hover at the gargo drop point to the rudder in
order to adjust the heading of the aircraft. The operator did, however, wait
for approximately tc:a allow the weathervaning to take effect and did
iasue a few small foyward, aft, and left commands to maneuver the aircraft
over the dyop zone.

{5y “There was an expectation by the ¢rew that the airecraft would
regain control if left to the control system software; however, this is not
supported by the manuals or S0Pz, enclosure {2).

10, Summary of causal factors. @
a. There werse no mechanical or system failures, T 2z {hi, (j) and
{o}

. The aircraft was operating outside of ita\@n limitations.

{11 The pitch was outside the prescy
the aireraft, references (1} and {(m). '

aerodynanic limits of

vailwind condition in a hover
references (i) and {(w}.

{2} The aircraft was opsratin
which was outside of its asrodypamic U

c. By exceeding the aircraft itationg, the control actuators becams
saturated resulting in uncontroll ght and impact with the ground,
reference (i),

';ﬁglons were caused by atwospheric conditions,
W'g in the wind to a tail wind condition, a lack
and appropriate state information to correct
ight in the automatic cargoe delivery mode and no
and recover, reference (), (x), and enclosure

d. The divergent osc
most likely a lull or s
of control system soft
the resulting unstab

action by the orew
{23 .

[

®)TY |
{b)(6), (b)) [references (j), (r), and enclosure (2}.

f. Inadeguate documentation was avallable to deocument all flight
states, refevences {d), (i, {1}, and {(n}.

g. Although documentation did not describe the limitations of all
flight states, non WCA conditions were documented and applied to the mishap
conditions, references {J), {1}, and (r}.

h. The weathervane technigue is not completely reliable for putting the

aircraft inte the wind in all cases. A crosswind component or tail wind may
be present that dees net allow the airecrafvt to reach wore than a! X7 in
a manual hover mode and engage the weathervane technigue to turn the aircraft

into the wind, references {r? and {z).

15
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RESUPPLY UNMANNED AERIAL SYSTEM, BUREAU NUMBER A-11497, ON OR ABOUT S
JUNE 2013

1. Applying the non WCA procedures and orienting the aircraft into the
wind dampens pitch and load oscillations, yeferences (j), (1), and (w}.

1i.  Addivional information.

a. Alrcraft Cost. The base contract lists each aircraft at
$13,105,%12.00 {included design, development, produttion, program and testing
costs.) The original price of the aireraft not inecluding development costs
is between 58M and $9M, reference {s).

B, Cost to replace aircraft. Depending on what portions of the aircraft
can be recovered, the estimated cost to replage the aircraft ranges betwsen
85 .7 and 56.8M, vefsvence (s}.

¢, Additional damage. There were no additional collateral damages to
any struciures of property resulting from the mishap, other than the UGRs and
the cargo net. The total cost of damage to the USRs and carqaébet wag
approximately 36,500, reference f{u). %

!‘5} ail first and a
g {p}. The rotorx
pleces and fragments,

d. Aircraft damage. The aircraft impacted the gro
subsequent fire destroyved most of the tail boom, rgfs
blades impacted the ground and were broken into seydi:th
reference (u}, "rhelaptcp was ejected From @irﬁraﬁt through the
left side of the cockplt window. The 1aptcp;4ﬁk'x overed and returned to
IAVAIR in order to extract pertinent data fro®bhe incident. | (BH7Y ]

YT the fiight data was covl®rad, reference (1) .

. The alreraft was recovered fy
Regiment 2 (CLE-2) with embedded peygsonNgl
271 O(MWBS-271) on 7 June 2013, They
recovery. The main fusslage, the W
aircraft parts including rotor E@

©F by Combal Logistics

from Marine Wing Support Sguadron
», WELE ne 1ssues with the alrcraft

poom, and multiple disintegrated
pieces, composite parts, and pieces of
nd returned to Camp Bastion, reference

metal were recovered from the
.

£. The aircraft is g prepared for shipment pending disposition from
NAYAIR. The tail boom parts that are beyond sconomical repair are
expected to be dispo , through Defense Logistics Agency - Digposition

1. The crew wias qualified for the duties they were performing. FF 2.

2. The alreraft could not vecover on its own baged on the diverging
condivions and its insufficient programming; it required human intervention,
FF 10a, 10b, aud 104d.

3. The mishap wag preventable. Two major preventative measures could have
heen employed 1o prevent the mishap.

a. Aircralt Heading. Communication with pergonnel on the ground at
should have provided the local weather conditions and observation of
the unsgtable pitch and load oscillations. An update of the wind direction
and speed would have helped in the determination of the appropriate heading
for the aircraft, FF 9c(2). Ensuring the heading wag into the wind

20
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RESUPPLY UNMANNED AERIAL SYSTEM, BUREAU NUMBER A-11487, ON OR ABOUT &
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throughout the delivery would most likely have prevented the mishap. FP
10ki{2) . &dditionally, ground personnel could have relayed the erratic
behavior of the aircraft and alerted the MU that there was an issue, FF
gci{3), This warning along with the indication of instruments on the GCS
vontrol panel would pirovide ample evidence that there is an issue with the
aivorafr and lsad the mission team bto abort the delivery and regain control
of the aircrafs and load. FP 7e{4}, 7eil{l}), 104.

B. Return to Manual Control. When the airvcrafr began operating bevosmd
its operating Iimits, the AVO, AD, or #MC should have attempted to put the
aireraft into manual mode and made adjustments toe try to dampen the
osgillationg. FF 10g. 7The vesults of reference (w) make it guestionable

(b)}3) 10 USC 130, (b)(7)f
(b)3) 10 USC 130, (b)(7)f {h@wever, the results do suggest that putting
the aireraft back into the wind in such a situation would most likely have
dampened the oscillabtions., FP 1461, The results are cleay, hgwever, that
leaving the aircraft in an avtomated delivery mode in a dive t flight
condition leads to an uncontrolled £light state and event act with the

ground. FF 1ic. m

4. Ol “’
diverging conditions. FF 8c{s5}. @

5. Of the two major indications of a problegf

oseillations - the crew did not identify the 3
issue during isnterviews or follow on conveppa
sgrillations ghould be another indicatmrd&

# v and load weight

ad weight oscillation as an
By, Significant load weight
there iz an isgus. FF 7el{3}.

&. The crew had indications that te a¥craft was not pointed diredtly into
the wind prior to the automated delg®ery; however, they did not manually
point it into the wind., FF 7ei4

)
7. There were encugh nammunig&assets available to reguest the weather
at the FOB which may have 1 the team to reorient the aircraft into the

wind before descent. Theyp! 14 have reguested weather information from the
POB., PF %ci2;.

#. The crew had anoy me to put the ajreoraft inteo a manual hover mode
onece cacillation foliowing the instructions in the GCS manual. FF &b
and &64{10). If & %1d have put the aireraft into a manual hover mode
they would likely Rave been ables to dampen the oscillatiens. FF 101, Even
1E the crew would have waited until the most extreme limits contained in the
references, they would have had[ (b)), (b)(3) 10 USC 130

33 foUsC 130 vy command the aircraft into & manual Bover. FF 7@ (Cable). Time to
rransfer the datd packet with the command to the aircraft, even with the

[ X7 | was sufficient to put the aircraft into a
manuas. nover, Fr 4D,

. The following table catalogs crew actions performed and mitigating
factors. They vonstitute s summary of pertinent findings of fact related to
their responsibilivies.
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‘ put Alrcraft
into the Wind
for Delivery

Crew Responsibilities

the wind at delivery — (jH{q){r}

- Crew did not request updated
weather from the FOB — (2){t)

- No indication of attempt to
change heading — ()

~ Cross control condition in
delivery supports that the aircraft
was not turned into the wind —

{ilr}

Witigating Factors
- GCS indicators do not clearly
depict wind direction and
speed ~ (r}

- Planned weather data was
not-accurate — [j)

- Equipment for
communication with graund
observer was not available ~

(2)t)

Fo»

COMMAND INVESTIGATION INTC THE EVENTS SURROUNDING THE CRASH OF A CARGO

RESUFPLY UNMANNED AERIAL SYSTEM, BUREAU NUMBER A-11497, ON OR ABOUT 3

Regain Control
of Aircraft in
Divergent
Situation

- Procedures to put the aircraft in
a manual hover were not
followed {no attempt to regain
control of aircraft) -{2){r}{)

- Did not fully consider load
weight fluctuation in evaluation
of aircraft state ~ (2){r) A
- The GCS display indicated

Al

problems during deliven

(b)3) 10 USG

*letbers

10.

inflicted serdicus inju
poses a threat te of

'

aenote Snoes,

- Data loss wagsigfiant
- There waQ ctation by

the crew t e aircraft
wo yri control on its
o%‘ 3

ent warnings, cautions,
¥t alerts did not display in the
wuto delivery mode — {2} {r)

- The Aircraft has not been
fully tested — {j)

- Manuals and SOP do not fully
capture the conditions
experienced — {d){{){n)

Tonpers indicate enclosurses

struments on board.

deatly if the f£light had been manned.

It al

FF 114,

The’;aptcp cht%a ejected from the aircraft at impact conld have

Recommendat ions

BO

1. ¥o furthey investigation frowm the command is warranted at this time.

&,

2. Communications with the FOB and with the aircraft should be improved.

The CRUAS detachment should be equipped with communication devices

that will allow direct communication with an observer on the ground when

delivering cargu.

0. |

BTN

(by7)

3. Training should be updated to include the results of this mishap.
scenario should be highlighted during training to ensure gperaltors are
prepared to respond o excessive pinch oscillations and load swings.

22
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Training should ensure opevators ¢an recognize the gywploms, causes and
resuits of esoiliations and emphasize how to employ technigues Lo correct
them. At a minimum, Che crew should be trained to point the aircraft into
the wind in an auto descent using all available indications and piteh and
weight load should be vhoroughly monitored through the delivery of cargo and
return to the cargo waypedint.

4. Upgrade Flight control gystems.

#. Testing should be continued to gather more information on fiigh:
stabes and performance 1n & descent with a lcad.

g

B, The Elight state model and control laws should be updated oo include
delivery mode test Fiadings and conditions.

o, Warnings, caucions and alert software phould be upgraded to ensure
appropriate messayges are displayved in the 602 GUI while in o puto delivexy
£light mode. The Load Weight Fail and Load Angle Fall cayliow® and the Load
Swing alert should be active during auto cargo zie'livary i ewing

megasurements ghould be transwmitred to the 908 and digpd on the 80U zo it
can be monitored by the AVS during sissions. Q\\‘

”

5. Update documentation.

a. 408 Manuwal, referencs {1}, The GC8 uai should be updated to
ensure the conditiong that led to this migymp ate addressed. Although, sowme
information is ingluded converning the pldk secillations, more information
should be added with regard to lcad s nd the resulting change in load
weight. More informaticn should be ad concerping the importance of load
delivery into the wind, swmphasizin hat angles are appropriate.

added te smsure that the aircra not oniy put into a manual mode and

Additionally, information from t?z n study, refsrence (w), should be

(BY7)f it mhonld also state that the ajrcrafs

should be oriented into thﬁ(::, o ensure oscillations are dampened.

. Flight Clearanc
expanded by adding sec
the othey

alerence (4. The flight clearancs should be
ofs on autoe cargs delivery. The limitations noted in
%, clearly articoulated in the new gectionsg.

Pt ; ind,  The VMU 80P should also be updated to
inelude the auto oBrgo delivery mode and its limitations. Procedures should
be added to dnmtruct the MO, &Ve, and/or AU how to recognize and respond to
axcessive pitch and load osclllations.

€. The wind and speed indicators de not display accourate data in the GC§ GUI
gven when the alveraft’s indicated alrapeed exceeds 20 knovs. The egquipwent
and software reguived to calculate the wind speed and direction should be
updated such that accurate local wind and speed can be displayed on the GC8
GUL.  This will add an additional indication of wind divection and speed that
can be uged by the operator to aveld operating in a cross oy tail wind.

¥ The weatheyvane technigue should not be relied on goelely Zo ensure the
airorafy iz oriented inte the wind.

23
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RESUPPLY 1 £

G OUNMANNED ABRIAL SYSTEM, BUREARU NUMBER A-11497,. ON OR ABOUT 3

8. The conbtrol system software should be updsted fo ensure bhat appropriate
ghapliizing technigues are used in the auto delivery mode, as noted in the
NEBVAIR study, refersnce (1.

9. 'E"halapt;o;} should be secured toe the aircraft in such a manner that
future misghaps do not allow the potential of the laptop to become a hazard to
pilots or on board systems.

18. The point of contact for thig matter at this command is Lisutenant
Colonel| ()3) 10 USC 130(), (bX6) jat DSN ] (bX6) ar abt email:
(b)(3) 10 USC 130(h), (b)(6) !

(b)}3) 10 USC 130(b), (b)(6)
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Summary of interview on 2 Jul 13
lsﬂj (b)(3) 10 USC 130(b), (b)(6)

Mission Commander

1tb o usc 1sopeas acting the Mission Commander for the CRUAS flight on 5 Jun. His MOS is 7220, Air
Traffic Controller, and arrived at Camp Leatherneck with the deployment of VMU-1 near the beginning
of May. He was an augment from MACS-1 and stated that he received two weeks of training on Shadow
UAV olatform and three days of training on the K-MAX UAS,

On the day of 5 Jun, he outlined the following general sequence of events,
Checked the ATO for the evenings flights.

Walked the lot witloOpidusc 130b). oxe) @
Performed the 1830 mission brief. @
Briefed the weather from several sources.

[[ein Jwas the scheduled launch time.

Coordinated with FOB \6
Checked plan with AVQ, ensures in accordance with D, @

a/c started after communication with tower

checklist was checked with the pilot

performed power assurance tests and load was at ~2kibs
Mentioned that communication was ove (oYt l
Everything up until the end was businey m?mai.

Once they neared] ooy || % ol |

Didn't see pitch oscillations at ﬁﬁw
Saw afc forward and down o ap, not where it was supposed to be
Saw look on the AD's face mw something was wrong

The AO recommended e MC call the JSTAC a__ ooy |

befee Yol ection]_may_|stating a/c was down came in
Spoke to JTACL ¥, Wiy to personnel and information about the mishap
Onee they id identified that it was 3 mishap, they followed the mishap plan, some key elements
are 3s follows:

Hands off controllers
Contacted ODO at VMU
Captured applicable data
Went to medical

nothing else noted as odd or out of the ordinary with the a/c or sequence of events {other than the
mishap)

They had had anomalies with this a/c before, had some pitch oscillations and non-response to control
inputs
Maximum wind the a/c can handle is] )7 |

1 Frnclogurs {2}
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No warnings, advisories, or cautions were active during the descent, given the same conditions during
another portion of the flight, they would normally receive warnings.

The a/c was below 200° AGL before he looked at the AQ and noticed the look an his face.

He was asked the question a few days after the incident “could it have been prevented”, his immediate
resporse was “no” because he was there and from the experience felt there was no time to respond to
it. However, after seeing the video and playback of the GCS data, he thought that if they had put it into
rmanual control, they may have been able to straighten out the oscillations.

Asked what recommendations he would propose to fix the problems, he suggested updating the
software, improving the BLOS connection, and adding a feed from a video camera on the a/c.

Follow on interview on 10 jul:

Asked about the standard operating procedures for determining heading on enteg
determining heading for autonomous cargo drop and relationship to wind. B edures stated
were 1o check the weather before the mission. Verify mission heading via and check with FOB.
The initial heading to the drop point will be based on the coordinated hg@Wi ith the LZ and the FOB.
The heading for the drop will be based on forecasted winds,

FOB and then

Follow up emalis with 1stitfo usc 130s)] ee)

From{ ()6 10usC 130), 0)6) | RC{SW) VMU-1 FWD CRY, &n Commander
Sent: Friday, July 05, 2013 5:22 PM

Tox ©)e) 10 usc 1300). wie) |RC(SW) 2MAW FWD G-4 :

Subject: RE: A few more guestions
Sir, 4

Answers to your questions:

1} What is the name of¥ag
| ®)7I

2} What is the nams of the JTAC you were in comnunication with?

3 fai“i.fi(b)(a) 10 USC 130(p), (b)(S)I 2T WatehQ ey

3) Were you in communication with anyone else at hat night, othed oY l if so
who and how?

I do not recall communicating with anyone alse at] oor bt night. Coordinaetion was done vial_ oy
[ Juntil the mishap occurred and | phoned 1stut] oor |vis[_oox

4) Also, I believe you told me you were limited to] ®)7) l
of communication available. Please confirm or correct me if | misunderstood.

Enclosure {23
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fou are correct. We are b} oy commumication with the excention ofl oo

OXD fusedd 1o communicate withl oxnr

5) Please tell me again where and when you got the weather for that night and what it said.

Peheck the weather from a multitude of scurces, €2 Metor Creates a slideshow for CRUAS on
Contriv. b alse, have a ink 1o the G2 warnings & watches page. |iook at s METAR from MAJS-2 on
SIPR. [isten toan ATIS on thel o penerated by

Tower. Finally, we Bave a local weather station In the tower. My weather brief is complited from
information gathersd from all of these sources. The weather sequence from that night was as follows:

Sky conthtions: FEW 100 507 140

Winds: ZBO& 2k

Yisiniiby: Tamn

Temp/UFe 38710 @
Aitineten 2978

Flight Level Winds: 3000 2B5@&17kts 8000 - 2604018kts 9000 - 33 %&3

" ®\®

From:| &) 10usc 130p), 0)e) | RC(SW) 2MAW FWD G-4 O&
I

Sent: Friday, July 05, 2013 2:44 PM
To:| @) reusc 130p). b)) |RC{SW) VML-1 PWD %

Subject: A few more questions

ission Commander

i have a couple more guestion

1) What is the naifep! Wl ®)71 lyou were using on 5 Jun?

2] What is the nanff of the JTAC you were in communication with?

3} Were you in comimunication with anyone else a_moy_|that night, other than| e |
if so who and how?

4) Also, | believe you told me youl (YT |
types of communication available. Please confirm or correct me if | misuaderstood,

5} Please tell me again where and when you got the weather for that night and what it said.

Thanks,

LrCol)a) 10 Usc 130(b), (o))

Lak

Enclosure (2}
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Fromi ®)3) 1ousc 1306). b)e) RC(SW) VMU-1 FWD CRUAS Mission Commander
Sent: Thursday, July 18, 2013 9:09 PM

TQ;}(b)(ay 10 USC 130(b), (b)(s)l RC(SW) IMAW FWD G4

Subject; RE: More questions

Sir,

Responses 1o your questions:

The number of flights, hours, and cargo deliveries thaq Q) }and[ (0)e) lhave logged?
[ oxe | 1200 Total Rotary Hours, 78.4 Hours K-Max UAS, 29 Sorties/Deliveries

w6 |- 2000 Total Rotary Hours, 83.6 Hours K-Max UAS, 17 Sorties/Defiverjes
*Training time at Owego AVO course is calculated into their UAS Elight Hours @

soafrvse T mombers: o3

The numbers you have for me are correct with the exception of the . numbers. That
i by

retrograde op was finishing up as Fgot here so those numbers ,mviws, MC)
ticket,

2039 Total Rotary Hours
11 Hours in K-1200

aﬁipmber of loads rigged:

! wwid concur thai over 50& ham ,; ey

m

) Crisible for loading the latest system software on the aircraft? Version #7?

System software updatedbre conducted by the engineer. Current system software version 30

v/r,

i Stix,ll {b}(3) 10 USC 130(b), (b)(s)l

CRUAS Mission Commander

VMU-1 (Fwd) "Watchdogs”

2d MAW (Fwd) Camp Leathemeck, AFG

NIPR: (b)(3) 10 USC 130(b). (b)(6) l

NIPR: (b)(6) |

From: | &)3) 10 usc 1300). 016 | RC(SW) 2MAW FWD G-4
Sent: Thursday, July 18, 2013 10:42 AM

4 Enclogure (2}
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b s Tsodemat{ Usc 1ofREXSW) VMU-1 FWD CRUAS Mission Commander
Subject: More questions

(b)(hx 0 USC 130(b} (b))

Have a few more questions as I'm writing up the investigation. | pulled some stats from the CRUAS
sitrep excel file... | hope | was reading it correctly, would appreciate If you would verify some of the
numbers { got out of it

Do you have documentation on the number of flights, hours, and cargo detiveries thaf e Jand| o |
have logged? | {ound your numbers in the CRUAS sitrep... this is what | have for you, if you want
to verify what is in the sitrep: "As a mission commander for the CRUAS platform, mmme)
supervised 104.3 hours of flight time, 78 sorties, the delivery 250,800 Ibs of cargo, and the retrograde of
13,050 ibs of cargo.” Let me know if that isn’t right.

Also anything you have that might document the hours___ @ |haslo u;d be good too. Just
looking for something that shows his experience and would say that he wolllg Bkely have seen/heard an
issue with the aircraft as he was going through the startup prmtedw@ existed that night.

<

Anythmg amﬁpmid t}e he pful too. He told me tha ted with CRUAS in January, so
i red and rigged cargo for the delivery of

Do you know the total hours on the aircraft or kgilaw wiere | can get it? 1 saw it logged about 700 hours
in OEF from the sitrep. Also are there any ot inent stats on the aircraft you think | should
include? | have the bureau number angd t el number. Are the maintenance guys responsibie for
lnading the latest system software on raft? Wanted to get what version was on there to just to

verify it was up to date, &

That's it for now.., will send | come to them.

Thanks for all your het;}?%

LtColbya) 10 usc 1300), o)X

S Enclogure {2}
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Summary of Email interview

[ (©)6) |

Aerial Vehicle Operator

me:l (b)(6) J
Sent: Saturday, July 06, 2013 4:52 PM

To:l (0)3) 10Usc 1300), o)) |RC(SW) 2MAW FWD G-4

Subject: Re: Questions on CRUAS Mishap

Sir,
Here is my feedback.

Respectfully, @

®X6) %

From:| ooousciaoe.me  |RC(SW) 2MAW FWD G-4" { ﬁ%&se 130(b), (5X6)
To: | (0)(6) W |
Sent: Saturday, July 6, 2013 1:22:14 AM

Subject: Questions on CRUAS Mishap Q_.

Sir,

i am conducting the JAG Manual investigation for tp on the 5" of Jun. | apologize for contacting
you on your R&R, but | need a statement from vy in Osder to complete the investigation. | have puta
list of questions together in the attached word 1 pment. Please complete and return it. Inorder to
complete the investigation on time | wiim@u answers before the end of the week {12 Jun.)

-

Please iat me know if you have @n ns or need any clarifications.

Thank vou for your time. QQ
Respectfuily, Q

LtCad3) 10 usc 1300), (b))

Attachment contents:

Please state your name and your responsibility on 5 Jum;

(b)(6) AW

Briefly describe relevant training and experience:

initial AVO teaining Owego, NY. I country AVO tr&imzﬁg;[ OX7) j SUSD tmmmg
Berforming AVD duties since Nov 2012

& Enelosure (2}
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lun & Please describe the general sequence of events for the mission in question:
Miormal seguence of events Tor 5 Jun. Slept well, ate, gone 1o work, planned mission, mission brief,
varified migsion olan with MC, conducted mission.

Anything different or out of the ordinary for that day?
Nothing out of ordinary.

Specific questions related to the events leading up to the rishap:
What did you see? About 500 f AGL aircraft was pitching plus or minuslmofiegrees.

What did you do? announced what the aircraft was doing, already identified| )T

weith the airoraft, @
%ﬁy contirming what is

ﬂ@ﬂd other agencies?

s, Once the mishap have peen

What communication pceurred between the members of the mission tea
going on with) o)) With aircraft.

What was communication occurred between the mission cornpne
FOB/DASC/Etc? Renuested MUC to call the L7 to find out alror®
identified, MO initate dures, &

When did you first notice something was out of m@w? About 500 1t AGL

o mishap plan prog

When did you first realize there was a probl out 500 L AGL

What indicated that there may be a ;@e ? Aircraft pitching up and down.

What are the emergency prm:eQ of the prablem(s} you noticed? Stop ACDC, give[ _ mmn__ ]

carvvmand (o stable alroraft!
What was typical about :Z mission? A-typical? Everything started normal that day.
Were there any indications earlier in the mission that something might be wrong? None

in your estimation after lpoking at the data and videos, what do you think happened? Do not know.

Could it have heen prevented? I 5o, how? Yes| BTN |

Do you have any recommendations to prevent a situation like this from happening again? Improve
atreraft communicstion

Is there anything else that you think | should know or questions that | didn't ask? None.
i Enclogsure {2}
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Follow up email with Mr.

From:| ®)e)

Sent: Sunday, July 07, 2013 6:36 PM

Tz )@ 10usc 1300), oxe) | RC(SW) 2ZMAW FWD G-4
Subject: Re: Questions on CRUAS Mishap

Sir,

How do you make decisions on the waypoints to use, egress and ingress points, and
the heading for auto delivery?

o

cards are use to get in and out of the LZ. Heading for the autc delivepeyg wind direction
dependent after the aircraft weather vane into the wind and siabie%

Respectfully, ‘b
oo ] \@

From: | emwuscison. oo [RC(SW) 2MAW FWD (b)(3) 10 USC 130(b). (b)(6)
To: (©)(6) |

Sent: Sunday, July 7, 2013 4:38:35 AM &
Subject: RE: Questions on CRUAS Misha O

Sir, b
i have a couple of follow up questions. EQ

1} When planning the mission is che primary mission planner? | noted that you said that you

#

planned mission” and “verified ith the MC", so assuming that you are the primary mission

planer, please answer queston}. &

ions on the waypeints to use, egress and ingress points, and the heading for

2} How do you make de
auto delivery?

Tharks,

LtColi)a) 10 usc 130(0). (b))

8 Enclosure {2}
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Summary of Interviewon 1 Jul 13

(b)(6)

Aerial Observer

| eie)  |was the AO on 5 Jun. He is a civilian helicopter pilot, a certified 1P, CFI, and CFIl, which he
defined as being a flight instructor with instrument and commercial rating. He has 1300 hours of
manned flight time. Did not have experience with cargo deliver before CRUAS,

On the day of 5 jun, he outlined the following general sequence of events.
Attended standard preflight brief at 1830
Noted that normally the AVO and AQ will switch between flights for the evening, he agreed to

he the AQ for this Bight @
Noted there was a tail wind %

®)7) |
w7

{ o))

W
{ X7
He 35kﬂ5§(il?lk usc 130@:9)@31 the L2

The LZ said that the a/¢ was on the ground

The only anomaly noted during the mcxden@ itch

Follow on interview on 10 Jui

gy '-; descent mode:
medicted weather conditions may cause an adjustment but
g el prepared to descend, while stitl in a manual hover mode,
the aircraht is allowed to weather ' fo the wind. Cnce the controls are cemered and the aircraft is
stable and the ground is ready ive the load, then the aircraft is put into the ACDC mode.

9 Enclosure {(2)
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Summary of Interview on 1 Jul 13

[ (0)(6)

Start Up/Shut Down Pilot

was the shutdown/start up pilot for 5 Jun. He is prior military CH-46 pilot with >2k hours.
He has been with CRUAS in Afghanistan since April. He is also the assistant site lead.

On the day of 5 Jun, he outlined the following general sequence of events,

Attended standard brief at 1830

Started afc

Performed Tunctional check flight

Adjusted rotor turns based on density altitude

Watched the takeoff from tower @

He was called back to the tower after he went to the office about t?b@
Found out it crashed and executed mishap plan
Everyone went to medical, he took statements

Traveled t_may_Jfor the recovery effort

Recovery site:

Kot of the damage was in the tail sectio

Landed in center of bR, ©)3) 10 usd Lﬁ

Cargo was UGRs
Blades had disingigrated
He removed the laptop fro

Recommendations to prevent future
Staty in contact with the L
Stay in constant contaaaty Yerr_and below
improve BLOS spead sl Bgnnection

Add camera to S is happening

Q
<

teckage with the flight data

Enclosure {(2)
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Summary of Interview on 2 jJul 13

Cpll (B)(3) 10 USC 130(h), (b)(8) }

Cargo Rigger

©pA usc 1ofis@m augment from CLR, His MOS is 0451, parachute rigger, and has heen working with
CRUAS since January. He has 7 years in the USMUC. He was responsible for coordinating with units who
have scheduled deliveries, receiving, staging, and preparing the load. He is gualified as a Joint Air Drop
inspector and a Jump Master. His qualifications for rigging loads are validated each month with CLR.

On the day of 5 Jun, he outlined the following general sequence of events.,

2 Loads of UGRs were rigged the day prior.

He usually works during the day, coordinating with units and preparing ¢ for the flights

The ioad prepared for the flight was two warehouse pallets of UGRs “@

He used a 3k net that holds 2 pallets, has & 10" inner diameter

The nets he used were new. He has an issue getling nets back ey ?
them for many other purpases and they don't get rety¥ad

CLR has several boxes of new nets, so it is easiest 10 usey] ¥s for each load.

Since he works days, he left for the day, before the W b, didn’t find out until the next day
that there had been a mishap. &

8s, the FOBs tend to use

Gave a demonstration of setting up a net with load Qging it to the load hook, Demonstrated where
the load must be for balance and showed the 5 d load that was prepared that night but never left
after pperations halted. Showed how the s d hooks are overlapped to ensure they stay secure
during takeoft, in flight transit, and delive§y!

O
QK

11 Enclosure {2}
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Summary of Emalil interview

(b)(6)

Support Engineer

(©)6) | Engineer on duty

Briefly describe relevant training and experience: | have been working the K-MAX program since 2008,
when LM started working with Kaman. | was the lead engineer for the first 2 years of the program, and
then supported the program as the engineer assigned to Business Development. Other than a year and
a half assigned to another UAY program at Lockheed, | have been working K-MAX engineering since
2008,

Jun 5: Please describe the general sequence of events for the mission in questio @ role of the
engineer is to encrypt the aircraft LOS Data Link, and 1o be on call during the K lor equipment
anomalies. | encrypted the Data Link prior to flight without any issues. @

Anything different o1 out of the ordinary for that day? Not 3@@»‘8 accident. Everything was

aperating normally

Specific questions related 1o the events leading up

What did vou see? Prior to the acciden as fiot aware of any anomalies. | was not in the COC,
a3 is normal. 1 was in communicatic e COC via (b)TN | The first indication of 2
issue was when the AD raqu&stﬁd: ¢ enginear and PM come up to the COC.

What did you do? After reqp @ the radio call, the PM and | went immediately to the COC.
After being briefed on thens ation, the PM worked with the MC to implement the emergency
process, and we secyegiigiie COC and all the equipment. | was able to collect a copy of the GCS

Logs for anaiys

What communiction occurred between members of the mission team? The PM and | were
informed of the situation via radio, and we went out to the COC. The PM instructed the flight
crew 1o go write down there statements, and they were isolated for a8 period of time.

What was communication occurred between the mission comumander and other agencies?

FOB/DASC/Ftc? The MC we in communication with the FOBvid wmoy | From whatl

understand | the FOB indicated to the MC that the aircraft was down,

When did vou first notice something was out of the prdinary? Upon receipt of the radio call for
the engineer and PM to come up to the COC.

When did vou first realize there was a problem? After arriving at the COC and being briefed by
the AVO and AQ,

12 Enolosure {2}
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What indicated that there may be a problem? - NA

What are the emergency procedures for the problemis} vou noticed? - NA

What was typical about the mission? A-typical? To my knowledge, there was nothing a-typical
about the mission, it was similar to other missions we were conducting at that time.,

Were there any indications earlier in the mission that something might be wrong? - NA

in your estimation after looking at the data and videgs, what do you think happened? — After
review of the data and video, | believe that the load swing started 2t 2 point around 700 | AGL,
and becamse increasingly worse as it descended. The data transmitted to the operators was

{ YT |and precluded them from seeing what was
ocourring in time for them to respond.

Could it have been prevented? if so, how? If there wag e 2 |t the time, or
if there was someone at the FOB that could relay 10 the operators oad osciliation, then
the AVD could have arrested the descent and stabilized the @ e to allow a safe delivery.

”.

Do vou have any recommendations 1o prevent a situal
prevent this from happening again, we need to ensure that ’ g
may be developing. This can be accomplished by and of the foll

€ $his from happening again? To
is aware of any load swings that
ing:

1} Transmit load angle to the AV( over the &sk@

2} | ()7t > |
3} Provide a observer at the delivery sit, tify load swings or abnormal descent profiles and
report them to the AVD, ‘Q

is there anything else that

£ K
5

% nk | should know or questions that | didn't ask? | am curious
2 this may be a mute point since it was the increase in oscillation
that is the root cause of the goeRedh, it would be good to know why the oscillation started in the first
place.

13 Bnclosure (23
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Summary of interview on 1 Jul 13

l (b)(6) }

Aircraft Mechanic

(b)(6) fis 2 mechanic for Swanson and was the mechanic for the a/c involved in the mishap.

He has 5 years of USMC experience as a CH-53 mechanic. Noted that the current platform was simpler
te work on because of no hydraulics, but had other nuances that still gave it some complexity. He also
has 6 months experience as 3 mechanic on the L3 Vertex Army Helo in Afghanistan. Has been inand out
of Afghanistan since Oct 2010 working on different platforms.

On the day of 5 Jun, be outlined the following general sequence of events.
Nathing noted out of the ordinary.

inspected the a/c inside, outside, looked for vibrations and anything o%@ ordinary

No issues with anything @
Test flight performed, nothing out of the ordinary, no issues fm@

He described itas a typical day

14 Enclogure {2}
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